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3ub joc t :  J;yd:*culic ;:ode1 stw?.ies 0," DLcki.r.son 3r2.1 Spillwcy. 

-- 
-.iyc!~aulic nodel s t u d i c s  vrero m d e  02 n 1: 56 s c a l e  z~odcl  of DicL5nson 

no;.. Spillvraj. f o r  the  purpose of  developing ?,ad checkizg t h e  hyCrml ic  
desi.23 by :.:ca:ls of perfor,.mnce t e s t s .  Dntn cxd notes  .:rere t i k e n  on t h o  
f lmr i i l  -!Ale spillvray approach, tfie spillsia:; i i ; se l f ,  t h e  s t i l l i ng -bas in ,  
cnc! on flovr ix the r i v e r  channel bclovr t k e  s t n ~ c t u r e .  

7 - 
--02.0 s p c c l f i c a l l y ,  tcsSs  vc re  c o n k c t o d  t o  chock f l a r v  conlLitions i n  

the  approach t o  -tho s p i l l m y ,  Z'igure 9, and -to detcc:ine t h e  cl~aracte,%s- 
t i c s  of the  spill-zag- 50th as  t o  capaci ty  =d p x s s u r c s  on t h o  s p i l l ~ i a g  
cr-cst and face ,  ? " i~urcs  1 2  and 11. P.e spillw.y ~ r a s  c.lso t c s t e d  f o r  
heeds i:ic$er .!krn J-J.10se proposed f o r  the  prototype t o  deter,.zine q;r'lxet;.~er 
tile c:-cs-t cotlld be rosi~apod t o  provide e. g r c n t e r  discharge c o e f f i c i e n t ,  -,. c 1 3 o s e  t e s t s  shosrcd %le o r i g i n a l  c r e s t  shape t o  be  s a t i s f a c -  
t o r y  and e l a t  a g r c a t c r  spill-cia: c o c f f i c i e n t  could no t  bc oxpected v s i t h -  
out  ::02ifl<-'.g fhc  o z t i r e  spill-m;. p r o f i l e  by f,ncrezsing t>,e hci$!t o f  
f r e e  f a l l .  

i- 'cri 'oc.~nce t c s t s  ox t i l roe  difL'cz*e:?t sti l l ix-;asi::s,  7Igurc 4, %ore 
::xdc t o  2ctcr. h e  ';:a :.lost ccono:.5ccl proport ions :in:! di:.wnsions of t h o  . . 
c;zs..c, L.:c cnd s i l l ,  :::I(? \:'ln~;-xclls a t  tl lc c ~ d  of t h e  basin, vfi-ich 
:.-o::ll p:.ov5ic '2-0 l s n s t  ? L - ~ L E I ~  of o ros ioc  a t  ";5e ci,cr:;?~s?;rct~.. e;.::E?. of t k e  
:jt.si:.. S C O C ~  pz?;t ::zs s;j.(Jrc U S C ~  .i;3 c r r ~ l u n  LC <;-.TJ O ~ - ? C I L C ~ ~ V C : ~ C S S  of each 

C, I. 7.7 r;cs:i;:1, l?l:;~lrcs LC, 22, b u p  cad 2Cl. ,~p.'.c---..--~ . .. ., U L L + I a ~ ~  ~ r o f 5 . 1 ~ ~  is 2he 
c ki l l ing-bas iz  -;rcro rccor2cd f o r  the  o r i ~ i ; ? ~ l  rcco:s.:ondoil dosign, 
1 2 i p r c s  1 7  :r:lC 27, 2nd s t z b i l i ' t y  bests viers 3mCe t o  dei;or.?inc t3.e l o ~ r c s t  
tail.;rai;c;. clcvzi-Lon ;rocsible bcf  o x  tl:e j:c:? a- ts  swept o f f  t 3 e  apron, 

<, 
. ::.c < . - *. i c z t s  o n  .i::r. uri,;.iual GcsLp,  71::l-c a;%;, s:io~icc! t h a t  .t;:.,o perfox:- 
7.3~~: of 2: :~  st-:-~ck~:~-e, 11: ~ c n c l a l ,  l:~~.s s::tisfactor:-, -'~~I:.Es 3.4, 15, 
a:ld 15, ',::t t:.c.-s i ' L ;  . Ij':ii; be 2oss ib le  t o  ot . tai2 oty.1~1 s~I;illi::g-:3csin pcr- 
f0.- .".. I \ ...,.,. ce 32. usix;; :: s loping apron, i7ii;are 4 ( c / .  ..'ests sil~-i:o?. 'ii~?*l,s; t ho  
c:*oclor~ bclo;; tile s loping  cpro:? m s  :lot cxccssive, F i p r c  25, azd t h a t  
'; .e -Lailvmter elcva-tio:: could 3e lo:.lcrcG 4.2 f o e t  bclalr t21c cxpected luw 
clt.:vatior. Locore 5.e j ~ x p  was swept off  the  apron, Pzge 6. 25s ~ o d i -  
f i o d  aproz used 1:5t!1 450 vkng-1~~11s  t o  replace  tile 30O w a l l s  at e t e  scd  



oi' thi:; & s i p ,  r e ~ o ~ r ~ e n d d  f o r  protot$pe uso; ar; shown i n  Figul*os 3 and 
4 i c ) .  Figures 6, 24, 25, and 2G sb-vtr tho  operation of t h e  dosign rocom- 
:~cnded f o r  prototype construct ion.  

DicLinsor1 I)=:: i s  c p a r t  of t\o ILoart; Ri-ccr G n i t  of k!o ilissour5. River 
i n  ' o j c  I t  i s  loca tcd  on -kilo Heart  River  isi Southvrestern iSoTt;l~ 
Jckota ,  Figure 1. Lhe dmlJ Figure 2, i s  an e a r t h - f i l l  s t r u c t x r o  approxi- 

1 1mte1.y 2,;GO f e e t  102s a t  the  c m s k  !:as n I Z ~ ~ I L X ~  he igh t  of azproxi- 
cn.tcl;,r 42 f e e t  nbovc t l ~ c  chrmel  bed, 

A concrete spiilvrxy, F i g ~ r e  5, 200 f e c t  rsidc, i s  loca tcd  noar t h e  
rip.h.1; nbu.t;,3ent. 20 spil2:rag has  an uncont ro l led  c resk  and i s  dosigned 
to pass 55,200 second-feet n-k ::)a:iz.\c-~ r e s e r v o i r  cle-cation 2GZG.9, which 
cor:.oaponds t o  a disclrargc of  166 second-foct pc r  l i n e a l  foo t  of  spillivny 
x id th .  spillxay crcsk  i s  n't oleva.t;ion 241G.5, 12.4 f e o t  bclo-;I t h o  
m-ci:.~~? -:rater sur face  of t h e  reszrvoi  r, and tlzc spilliva;. appronc!l c h a m 1  
i s  excavated t o  4-5 f e c t  belo-;r t h o  c r e s t .  

me i c t a k e  t o  t h e  o u t l e t  vrorks i s  loca ted  i n  Kco le2-k ~ i n g - ~ r a i l  o f  
the s p i l h a y  approach chmxtel. Tile approach channel t o  tbe o u t l e t  -:~orks 
I s  excavated through the spi1l~ra;r  approach channel a t  oleva-tion 2404, 
12.5 f e e t  be lo^; 'ille sp i l lway c r e s t ,  

As 01--ginally designed, t h e  v c r t i c a l  f a l l  f r o 2  spillYa-j- c ras?  t o  &o 
apron -2rrcs. SS f e e t  and t h e  d i s t a a c e  fro:; t l ls c r e s t  l i n e  tc .t:le s t a r t  of 
3lc ilorizon-tal npron -;{as 201.12 f e e t .  The l eng t5  of t h e  hor i zon ta l  apron 
was 57 f e e t  o r  about 2.4 ( d z ) ,  v&~orc  d2 i s  t h o  expec-Lad dept2l of water  a% 
tho  do;;ns trow.: end of  t h e  s t i l l i n g - b a s i n  when %\lo spillvray i s  discharging 
25,200 second-feet.  Chute blocks were inskal le t l  on t h e  dovmatroar;: end of 
tile sp i l lway face,  v;llere it joined t h e  h o r i z o n t a l  apron mad a dentnted 
s i l l  was ~ l c c e d  on t!le daimstrsx:: ezd of Lhe apron, ns s k m  i n  Figure 
4(r~). 21s chute blocks m d  t..c dentatad s i l l  wore 4 f e e t  iii& o r  approx- 
ir.xitel;; t he  h e i d ~ t  of +he expected d l  dinension, vrhere dl i s  the depth 
o? t h e  vrater nonla l  t o  the  spillvray f ace  j u s t  ups t rcan  f r o =  t h o  hydraul ic  
juz-.? f o r  a discharge of 32,200 second-feetc 

Ap;~roxi.~.atel:; 2,600 f e e t  dvmstroun f so;: ";he s p i l l ~ v a y  s t i l l i n g - 5 a s i n  
i s  a c o ~ c r e ' i c  o v c r f l m  clx.:, 2 i g ~ r a  6,  rcforl-cd 'Lo :IS a divor-siox dma on 
t h e  tniluratel- ccrves of i ? i p r o  L, Fro:. t!ie s l i l l i rng-basin t o  the divor- 
s i o n  rfa: 2:c prototype r i v e r  bothon i s  sand covered vet!; a 10-foot l a y e r  
02 s i l t .  It; i s  poss ib le  t h c t  a t  soine ftz-tum d2to t h e  d ive r s ion  dru:? z:ay 
be rer.loved; i n  v r i ~ i d l  cnso tile l a y e r  of  s i l t  vrould evontunl ly  bo v,~ul:cd 

a away. For t h i s  roason kro  d i f  f crer;t; t n i l w n t c r  o l eva t ions  a r e  poss ib le  
201. eac!: cliscl~zrge, a s  ind ica ted  55. t2-e k r o  ' inilvmter cul-ves of Figure - - -  . -:s.reaf ter i n  this repor t ,  t!:e t a i l v ~ n t e r  c levat ia r?  sr i th t \ c  d ive r s ion  
ria. ill place v , i i l  bo r e f c r r c d  t o  r.s !?i& tai l iva ter ;  nit: t!:e d ive r s ion  
i.&: re::oved, lo;.; tail.irater, 



' i l~ :.todel st?avm i n  Pigure G aitc? b:: photograp11 i n  Figures 7 and 3, 
i s  n 1:5G s c a l e  reproductiull of spi l l~~raq-  a l ~ d  surrounding aroa  and 
was construct02 nild t o s t c d  i n  tho Buroau of' Ihclccxctiol; Xydrht~l ic  Labora- 
t o r y  a t  t h e  Denver Federal  Conter. !Ole ressrroir  was reproducad f o r  a 
2 is tnnce  of  400 feehpt i -em:!  frocl tho sp i l lway and t h e  lowcr r i v e r  
channel f o r  a d i s t ance  o f  425 feet dmmstrea.? f r o 3  t h e  spillviny aprotl, 

'L'opoy,raphy i n  the r s ~ c l - v o i r  area of thc r o d e l  vr rs  nolded cf concre te  
i20rtnr placed on :.:eta1 l a t h ,  Ibdo l  conc rc t e  s u ~ f n c o s  sir;iulnting noncon- 

(I c l -ctc scrf'aces of ETC p r o t o t y p  suc!l ss t o p o ~ r a p h y  i.rcro given a brush 
fi~xisi:, vrhile ;.:odol. concrete su r faces  si:;lulating pro-totype concrete sur- 
f aces v c  r e  givon a c:;loo.t;lz f i n i s h ,  Tno eonc r c t e  s a i l l ~ r a v  aooroach anran. 
s;rill-(ray c r e s t  zzd fzco, zncl s t i l l i n s - b a s i n  apron-wore hold& i n  ceient 
. l o r t a r  t o  shoe%-::eta1 to:nplntes. -4 1-inch-x5ds s t r i p  of slieet x e t a l  Tres 
fastcnod t o  31c ton? la t e  loca tod  ox tkc c e n t e r l i n e  of  t h e  s p i l h c y  and 
&e piozor.:otcrc, f i ic i l  consisted of  bC?All-b~ro copper hbinli;, -2ic:. ,I in- 
s c r  5cd nox:rel 50 t h o  ssrt'nco dctcr:.~licd by -t,tte :.~etsl, s t r i p  und dressed 
f lus l . ,  Plus, t he  p i c z o m t c r  ope-lin;;s were 011 a snooth, pol ished notal I 

s t r i p  ;ib.ic!~ cocf om-od e x c c t l y  t o  .1;!~.c spi1lrra;- p r o f i l e o  

E Cliutc. Slocks m d  tho dcntz ted  end s i l L  vrero m d c  of vood a d  sandod 
sziooth. 'Ac a-?roach *:iin~;--i~alls nrirl. s p i l l ~ ~ y  t r ~ i ~ l i n g - w a l l  s t l rfaces were 
of shoot zc ta l .  &.a 900 x-ing-;;rrllo of t h s  o r ig in31  s*uilli.zs-3f.si.n des ign  
vrcl-c c o n s t ~ - u c t ~ i l  ns 2 pnr t  of tho ::.ode1 t e s t  box enclos ing  t;ic taiP;.rater 
area,  -)12:ile tlzc 450 -;rine-~vzlls of 1;::~ s c c o ~ ~ I  2nd r e c a  .~cnded s t i l l in&-basin I 
ciesigns -i:cye of ~/'4-inc!l pl>~:ood .~:ctcnding ox t  i n t o  t3.c t a i l w a t e r  nroa,, 
;';ails and f l o o r s  of thc boses enclos ing  t!lc tail.-:rater lrea ns :re11 as fhe 
rescrvoi:. c.rec. -;:ere covcrcd -,.iit:? ,:ctal sizccts soldcrcr? t o ~ c t h e r  f o  provide 

Since the  topography d o v m s t r e ~ ~  from tho proto$tpe stilling-basin 
: . ro~ld 3e oubject 50 e-osioa b s l m ~  t h e  mxinur;: cxpectcd t a i l ~ * r , t e r  e l e v a t i o n  

I 
of ap?ror&~telly 2404*8, an c rod ib le  bad belarv this e lova t ion  xaa required, 
i n  the  :nodel i n  o rdc r  $0 d o t o r i n e  f f ~ e  e ros ion  tendencies L l a t  ~ o u l d  be 
2 r e s ~ n . t  i n  the ; r o + o t ~ ~ ) e ~  5hue, tho topograpll;. belmi e l e v ~ t i o r ?  2136 i n  
tho  =ode1 ~ r n 3  :.;oldod i n  sand, -tr'nile +hc topogrsp3;r abovo t h i s  o l evn t ion  
-ims r.olded i n  conc+.:"c ssililtzr t o  t h a t  i n  the reservoir oroao A s m p l e  
0," t h o  sazld used tbrougllout t h o  erodib le  bod vms analyzed cnd found t o  
be a s  s h a r * ~  iz tirc follovcing table: 

l assin;; z i i ~ e  4 sieve 100 percent 
7 - i n  2. 1 . 0  2 siovct 31  poroent -- .- 

~ ' n s s i c ; :  P. i :os 1C cicvo -- . - 6S pcrcent  
: P SG sieve 27 percent . - Eassin!: :: ..o, 50 siovo 

I 
-. -assir,;; :: ;yo, 100 sicvo 0 percent  I 



,. . A  , 1.). , :o:lr2 ,i: .-: J , # I -  t;o !,ks: usad in :kit- 1.c3m~inlor 01' tllc arodil :]  0 hod, 

1at;:flcr tLi.rr;l i~ i t l i  r, co.c\rser n r r r o r n t e ,  ia o r d c r  ", more o a s i l y  and accu-  
r:.tcl:: do';e:..?inr: 1;:1c c!rosion t a n d e ~ i c i e s  i n  t h e  modal, I t  was t h u s  assumed 
t'irt I f  t'lc el.os-.2w! p n t t c r n  v;ns sntisf'actor:: w i t h  t h e  sand i n  p l a c o ,  t h o  
r? b?;r 1-r! :r:-%::lrl ? i ? o  ',o cati : ;fnctor; ,  if r j  p rep  :71-otcction vrns a l s o  provldod 
1.1 !:'10 ~ I - I ~ J ; ~ ~ ~ * : I ~  F ' l ~ r % ?  o l ~  +;'.lo s i d o  s l  opt?s o f  t h e  prot;ot;yy!c s t1 3lir.r;- 
'>?sz::  'mi ~-cp.o",r:?;~il {n tr:c r lode? .;;it!: 1-112-inch c o n r s c  rock r n t h e l -  t:?ati 
v r l t l  sa:?fi ~ C C - I ~ I S Q  ?f tt;e in'.lil.c-:t tcndons;; of  the sancl t o  slurnp when w e t .  

* i s k e r  w3:, ; ~ ~ ~ : > l i ~ i ?  to + '  ,,fie - ~ l n d  e l  h:r n ?or t ab1  ts C-ir,c!r p2mp t h r c u g h  
I , : r : I ,  Dlcct lnryos  u'crc T ? C B S I I ~ O ~  h:: an 4 - inc !~  ar.i?icc-vcntu:-i 

i , ~ '  ? r  .?? ~cc?:: 1;: t,':(. 3:1??1;' I inc .  l'hc r c s e r c o i l -  r\t~c'l  +;nil~.vflt,cr clc- 
.:~~:.:nrls ;.,err ~ - , c . ! ~ s ~ : r e d  2 kiook~ayo o ! : ~ '  pain t r - . . l~c ,  r ~ s ~ t ? c t ; i v c , l y ,  l o c ~ t c d  
- *  t ?:*. v:,of-!al 3 s  :;.:i.?lrr!: i n  !:i:urc 2 .  'i'ht: t a i l w a t a r  c l o ~ m t i o n  was control l .od ..., . 

h a .  11 ~ r \ t ?  nz  ?I :? .  cxcx-el+? r?o:'.nstrou?. cnc? of t h e  mods?. Thc Froper  t a i l -  
v:s...+.,\~- - r  k t :  r. ,::?: TIC t c ~ i x c d  f rm t h e  trsi 1 : i l ~ t c r  curves shw:rrl in F i p r e  

- r c r .  ., *- , rrc.ss,:rcs ?.:ere n,ensu~-ec! by mews o f  ?,5 p i o z o n c t c r s  ! ~ l n c e d  n s  
- 1 -.-,, : t ~ r - z u r f ' ~ c ~  ~ r n f j l o s  t'iorc: I T . C S S I I ~ O C ?  h.r I I S O  o f  5 p a i n t -  

..I . , *  .,," -?. -: -. . . -. .7.. n horiz~ntnl p t i d e  rql l  p a r a l l e l  t o  khc s!iill-:m:! c e n t c r -  
1 ,,-; ? "  .i + ; - ' : ~ ~ ' ? 7 . -  o f  137~t one-?e,:?trr! t'lc: snill;.:a:r vrir?tri f r o n  l;hc rish.1;- 
~'7:: C r r l i :  I:.- - - - P I  1 , 9 s  ~ho?:.~l i n  F i r u r c s  6 and 7(c) .  

Tk?: ~?iT;if:S'TI?:?TiO!: 

"'L. 
i . , ~  inl;c:i,F.-?!io? ~ v a s  1)rir3:-il;: c o r l ~ e r n c d  v:i.t!: t h o  pc r i ' on~snce  of 

, ,> . A .. srillv:a:.r d r s c i ~ ~ r ~ i n g  i t s  ~ a x i i n v a  ? s s i p e r !  d i s c h a r g e  o f  33,200 secocd- 
: ( 2 ~  k , 1":!11?'1 c2rre::rcnd? t o  1E5 secot-d-fect p e r  l i n e a l  f o o t  of s p i l l w a y  
.,,, .. : -' I;w7 ty- .. -1 ke:r cf 12.4 f e e t  on t h e  c r e s t ,  s i ~ c e  t h i s  f l o w  c r e a t e d  t h e  
P C " - -  -, EC-~rc i  c?vi : l , : : l r .~  t:-iro:;~'r?out t h e  s t r u c J ; u r c s U  To n l e s s e r  d e g r e e  d i s -  
cnqlrtre.T o f  10 c~n4 Z S  t:?o:~sr\ntl sccor-d-feet w e r c  invcs5i rn tcd  i n  o r d e r  t o  b e  
c c  r t i5 . r :  ';ii?'; t,:nc* c:rrr.ct;rrr, cpcrrrtcd 3 s  ir.ter.dcd over  t;;ic c r ~ t i r c  ? i schs r l ; e  ".. . 

I- - -,-?Irn. , . i t ,  . ::?.,?.r tS.<r::ticlx Ix?clirr!cri the t o s t i n ;  o f  kiio s p i l l w a y  n p y o s c : ' ~ ,  . . 
L 1 c c r ; ~ l n ~ l  s t i l  lint:-bssir? d e c i y n ,  nzci t w o  obhcr stilling- 
r,o;:r. des1,-r;. ?'i?~r.:! ,::ere ~ o d i : ' i c r , t i a ? s  of  t!lc o r j  r i n % l ,  I : :r,odifiar! 
;. ,-: - , .T~;z I;le cp:-39 7 : ~ z ~  c?e,?.rc:! fro!?: h ~ r i z o n t ~ ?  t o  s l o ? i n r  nr..! the s t i l l i n g -  

0 
?:r,?:.n :?.inr*-~;:ails ;*:src cl.~nn-cc! f r o r  n ?c' t o  n 45 311r-l.3" 

7 !; ':'-‘ ; ,. - <! r ; 3 h. ; ,- - .J ,. 9f ",~?.f: s>ill::l~i:; 3?pro:~ch 3 r o  sil?ml %I :  i:'i:urcs 
~ ( 3  ; -:?8:! ? ( b )  !I!,,;: .r j ,oi.;  c2.7 , :4  .. -.- ti-.-- ,.,, I? 91. 2 r!??r.- of 4 ~ S C : ' L ' J . T ~ ~ S  :.l?,r~! 0 5 s e r v ~ d  i' - 
1:: T,:-LLS 7 r c 5 ,  j;'!c:r ~ 3 r . d i t i o r ; r ;  f o r  s rJiscy1-.rcc of 3Z,2C;I; sewr:r!-f!iet n r c  

<: ' ::i:<>:s!:: <": : ' i ; ~ i r c  k!l.Li. ? ~ ~ ~ ' ; ~ ~ - ~  P, s l i . - h k  c?y:v:~+y:.y: :;,:;r! d i s t u r b -  ,, , 
p ..,, -, ,- o ;VRS r)!);~r~;<:? 2; the uvstreaxr: t?nds cT !;':in nr:::roac!l -: ; i?;- i : .nl ]s, Tho 

L .  . - -  . 
!r!'lwt?c,;.r,: tl.ru::s!:' t l i r ,  le!':: wall. i s  sho-rrr! c!.osc ::I' 1:; -1: vr.3 9(?1) tul(! ~-1v:as 

1 s l~y t - . t l : :  t*rozter %hat: thr i t  o c c u r r i n ~  nrolsnd t h c  rir$t :*i.911, A s  t h e  tiis- 
t~ : r inr!ce  ..:.as -:L~!c)I.. ,rind h?c! no of fec t ;  q n  the pt?rfor:-::nca of the: s t r \ . j c h r c  
::a c:?mcn :.'i , . ios iyn  i:: recor:,-..onc';ed i n  ';his nraa,  



The s p i l l w a y  was r a t e d  1)y model t e s t s  t o  dutol-rnina i t s  c a p a c i t y  and 
t o  caat;cnnine t h e  value of t h e  c o e f f i c i e n t ;  "C" i n  thr! equa t i on :  

Tho p l -o f i l e  of t h o  s p i l l w a y  cres t ;  i s  shorn i n  '.'i,~uros 3 and 4(a) .  T'ne oa- . ?acit,;r o f  the syl l l - f lay was found t o  be 52,500 second-feot  a t  rnaximum r e s -  
cr-mix- e l e v a t i o n  2420.3 w i t h  a cor rospandine  coefficient of 3 ,74 ,  as shcnvr~ 
i l l  Fi-uro 10. Other heaclwater-discharge r s l a t i o n s  and headwater-ccreff icierit; 

6 ra1:it;ions f o r  t h c  e n t i r o  ranee of operation e r e  n l s o  shown i n  F i l ~ u r c  1C. 
S i n c e  t ! e  a c t u a l  d i s cha rges  provcd t o  be very  c i o s e  t o  t h o  l'lovrs p r e d i c t e d  
i?r t11c d e s i r n c r s ,  t h o  c r o s t  s t r u c t u r e  vras s a t i s f a c t o r y  from t h c  s t a n d p o i n t  
of  :I i s chc rpe .  

P r e s sv re s  on t h o  s 7 i l l w a y  c r e s t  and on t h o  spill-*.lay f a c e  were found 
'Jn ;7c p o s i t i v e  f o r  a l l  d i s c h o r c e i .  The manometer h a r d  shov~iny t h e  
-.n? c l  ~ i - c s s l ~  r-es v81il.e t h c  sp i l lv ray  was d i s c h n r ~ i n g  33,200 second- fee t  
:&:as pho t o r r a ~ h e d  and i s  shovm i n  ?i(gure 11. 

The p l u s  p r e s s u r e s  on t h e  c r e s t  w2d inncd is te l -y  dovmstrear:;, shovrn 
i : ~  F i p i r e  11, i n 6 i c a t e  t h a t  some o f  the p r e s s u r e  head c a u s i n ~  f low ovci. 

thk: c r e s t  i s  no t  be ing  f u l l y  u t i l i z e d  i n  p r o d u c i n ~  flow. It was be! Fevec! 
-: .. . ., . A r, it r . l~:? t  be  p o s s i S l e  t o  r s shapo  t h c  c r e s  t t o  o b t a i n  n lower pos i- 

t i v c  ~ r e s s u r e  o r  even a  subatnospheric Yressure  and t kc r ebg  i c c r e a s e  t h e  
? i s c h a r g e  c o e f f i c i o n t .  Thus, t h e  naxixum f lood  cou ld  be passed  nt a  
1m:cr r e s e r v o i r  e l e v a t i o n  and t h e  h e i ~ h t  of t h e  d m  c r  t h e  s ~ i l l a n y  l m g t ! ~  
cou ld  be r-educed. Tho one dr&ack t o  t h i s  procedure appeared t o  bo tS1e 
re l? t ive l : ;  low d r o p  f r o n  t h e  s p i l l a a y  c r e s t  t o  t h e  f l a t  po r t i on  oi' t h e  
s - i l lway  p r o f i l e  a t  zbout  S t a t i o n  3+14, Fizu re  12. This dro? a:nountad 
t o  onl:: 4.5 f e e t  and f o r  d i s c h a r g e s  above 7,COO second- fee t ,  F i ~ u r e  10, 
ti+? kcad on t h e  crest ,  vras g r e a t e r  t h a n  t h e  d r o p  over  tho spil l-way crea-t .  
i2s 3 r e s u l t  o f  t h i s  c o n d i t i o n ,  d i s cha rges  f o r  hcads  g r e a t e r  t han  4.5 f e e t  
z i ~ h t  j, ~ o t i c c a b l y  a f f e c t e d  by t h e  l a c k  of  a  f r e e  f n l l  cor.diti.on below 
t h e  c r e s t .  'To cetc,-mir,e how g r e a t  t h i s  e f f e c t  .:::as, t e s t s  were made a t  
h i p k e r  haads thar.  would b e  expected on the  pr-ototypo anci F r e s su rc s  .:;ere 
-.casljrcd. The r e s u l t s  a r e  p l o t t e d  j.n F i p r o  12. These a:rves shol:; an 
i n c r e a s e  i n  F r e s s u r e  below t h e  c r e s t  vrit'r. i n c r e a s i n g  head. The discharge 
c o c f f  i c i c n t ,  however, remains c o a s t a n t  a t  a j o u t  3.74,  inrii c a t i ng  t h a t  
i i t t l c  c c ~ l d  5e  [;airled by r s s h a ~ i n t :  t h e  c r -cs t  urilcss t h s  c l e v n t i o n  of  
t::~ r;?ill*.vay p r o f i l e  c91.1ld be  lorvered subs  t a n t i a l l y ,  bcg i ra iny :  at S t a t i o n  
3+12. Since  t h i s  -:ias n o t  p r a c t i c a l  i n  t h o  protot-;pc, no r:hanrc i n  L'no 
s r l l  i;.vi:,r crc?s t slltzpe i s  rccormenc?cd. 

Sp i l lway  S t i l l i n g - h a s i n  - 
3 

Thc or iy i : i a l  des i~n- -1 lor izon t  a 1  nTron. Tho ori:ir?n! d e s i  p;r. of the --- 
sn:.llwsy s t i l  i i .3 ,~- ' .~&sin used a  3 o r i z o ~ t n l  ay ron ,  as s::s~vn i n  34 ? . ~ ~ r e  4 ( a )  
an2 bj photo-ranh i n  F i r u r e  13.  The lenpl.t'? of t ! io  apron -VRS e ~ ~ ; ; ~ ' o ~ i m a t c l ~ :  



:,4 i d 2 )  ~ d l c r e  dz i s  ~ ! I C  depth of v n t o r  ov!::- . t l~c  end of tile a?r.on fo r  
:na;cix.:- d i s c h a r ~ l ; ~  ,, 2% I ~ o i g h t  of tllc clzutc blocks and duxl ,~ i l s  'CIOXW 

appro;t.ir~".koly t11e d l  dimension vhera dl i s  tho  depth of wntor ~ . , o c m l  t o  
the s p i l l m y  face j u s t  ups-trox?. fro= t k o  s t a r t  of tilo hyd.mulir,, jump f o r  
"Ae mcccinx.1 d i s  c!~sr&e 

810 o p c ~ n t i o n  of the s t i l l i n g - b c s i n  sms obsolvod f o r  d iscnargcs  of 
10, 20, x d  X . 2  t l~ouocnd sccond-feot, Each S s c h n r ~ o  v ~ s  rul'. wi th  h i &  
and law .L;ail~;ater olevrttiolls. 

%lo viator ;urfnco i n  t h c  sJ~i l l i l ;g-pool  ;Yas nearly h0l - iZ9: l t~ l  and 
o y i t c  smooth orsn f o r  .ETC m5ntu;l a s c h a r g o ,  n c  shmnz i n  Y i p  rcs 14, 15, 

?ac! 16. Zlc s - t i l l i ng -bas in  rlep.31 srao ;lore -I51311 ndoqwtc  t o  1:roducc a 
sntis2;ctor-y hj-d:.zulic ju.t.zp ::r; i:tdicztcd by tiro v.mtor-surfncc'k pl-ofi lc  of 
?i,-;ure 17. 

!..ode1 s c o u ~  i;esJ;s of 2 i ~ o u r s '  du ra t ion  vorc  r c n  f o r  tJ.1~ m-:ir;lun d i 3 -  

c l ~ a r ~ e  -;:iti: 2oW: !ligtl and lovr t z i i v ~ t c r ~  i.'axi.ina.l scour  occurrod near  the 
1of";anlc jur, k d o : ; ~ ~ s t ~ c z ~  fro:?. "iilc cad s i l l ,  a s  s h m  h;. thc .;hotog.,rnphs 
of ?if;urc 18, I n  this are2 tilo I ' i a i ;~~  1 ~ 1 ' . ~ i l l ~  the a p r ~ r ~  i'im dircctccl t o  
the surface  '3:- -kt;lrc exd s f l l ,  czusi3g t1:o o e ~ e r r i s c  s t i l l  vra ;or on t h e  
l o f t  t o  bc dra:.;n i n  w d o r  Cqc !mix flow i n  tho f o m  of a . -~ibsurface oddye 
215s iachcac! flu;; xns  -ore o r  l e s s  p a r a l l o l  to Yle  end sill f o r  a d ~ o *  
d is taxce;  tilon it .::as &ra&unl ly  turned d o ~ ~ n ~ s t m m  bowr the m i n  f low and 
cai:sed -the eros ion  i l l ua ' ; c . t ed  i l l  F i ~ u r c ?  19(a), Bocausc of t h e  pro2-&dty 
of t l ~ c  b2& bclosr +':lo r ighi ;-!~~ci  s i d e  of ";he s t i l l i n s - p o o l ,  t h c r o  was no 
~ i o l c n t  eddy znd a d i f f e r c a t  type of fbcKr a c t i o n  occurred nea r  t h e  apron 
comer on tlio r i g h t ,  ."in this a r e a  a gro~md r o l l e r  caused by the  f1oi.r 

.or -t;h~ esd sill deposited sand at Lhg end of -tile apron, thereby o\stab- 
l i s h i n g  p r o t c c t i ~ n  frm .mde~.6ning,  a s  i l l u s t r a t e d  i n  Pigurc 19(b).  
31s pcrfonnsulce of this s t i l l i n g - b a s i n  vms en ' i i rc ly  s a t i s f a c t o r y  and 
ivol-~ld :lr;vc Secn recorriended f o r  use i n  tho  prototypo s t r u c t u r e  except 
t h a t  it bolieved that a l o s s  c o s t l y  apron could bc dovj.sed - ibich 
rroulZI p e r f o m  eq1:a13.;. ~ r e l l .  

Seco~r l  dos&--Sloping g r o a Q  A s  a result of the - t e s t s  on the hor- 
i zozta l  apron, it v;::; aycarcnt  tirr;.t %;?,a apron xorc thrul adequate t o  
h m d l e  l a r g c  spillviay dioc!li?.rgcs m d  it Tias belle-red t h a t  a s lop ing  
apron, blich xould rechca -khe ~r.our:t ci' s:rcnvation in tho  st i l l ing-bo,sin,  
-;;auld pro~r ido  m ~ 3 . e  p r o t e c t i o n  a;;:~ins.t; da~lprou::  c ros iono l h c  second 
b a s i n  tes'ccd hr=C aF=.on ci.iic5 z l o ? u 3  rlmmivnrct i n  "i:1(5 do'iInsf;rcm di rcc-  

rw Lion on rn 3:1 slope,  Ino d r i ~ ~ s t ~ C i X  cn.6 of tiso aproa r w i n c c !  a t  3ro 
stme s t n t i o n  326 c l o v a t i o n  cs t h ~ k  of 3 : ~  o o ~ i ~ i r : ~ l  dosi~1:, sdlilo %he up- 
s t ; r e c l  m.cl a r ~ s  xrised to jo;n .i;i~o sp i l , i :~ \ ;  2ico vrith n ~ c r t - f ~ ? . l  CUT%, 

as s:.lcr,m i x  P i ~ u r c :  ~ ( 3 ) ~  214.s c!a.:~~r: i:~ aprorl dosi,,n zlzdo rtccsssary 
s l i r ,h t  zli;.-.rations il? d e t n l l  of l;:lc dc:l!2.ted 0116 s i l l  and clm-kc blocks, 
d l ich  2-c 2 . 1 ~ 0  sklova i n  F i p r r :  4:b), 'ht3 90O t ' ~ i n ; ~ - * ~ r ~ l l ~  a-t; t ho  end of 
the apron were oimq;ad t o  450, E g u ~ o  ~(i), f o r  tho p u q o s c  of  rcducing 
t i i ~  eddy r c t i o n  ct .khc cpron comers ar!d tilc:roby reducing -510 r ivcrbod 
erosion,, Tests oc o'cllor previorxsly ?;o;;t;oC ::!odols hzd silo~*m t h i s  to 30 
an cf '2ective nroceCurco 1Pil;urc ZG Gis 5 ~ ~ ~ ~ o t J o ~ ~ - a p h  showing QIC s loping 
npron and 4S0 v,ing-sralls i n s k l l e d  i:i tilt ::odelo 



Flavi ti1rou~11 t!tc st-illi:;g-basin f o r  discllnr;cs of 10, ZO, :znd 5 5 J  
,l;jlousa:?d noconct-fooJ; Gas obocl-rcd ::w! f31- nnch d i s c l l c r ; ; ~  Y ~ U I  bo4c11 h igh  
and 1m .t;nilvm.lic3r thc junp i'onncd i n  .tho s t i l l i n g - b n c i n  ns dosirod. 
of 10, 20, nizd 3Z.2 t l lo~ ,snt id  oocond-fcot opcm.t;iny, .cd.$r 1mr tai11~mi;or u?e 
s::ovm i n  P~;.JI.~ Z l s  Cpcr2,tion ~;,5?h high tn i lvra tor  ms found be l e s s  
~ ~ i % i , ~ c l  %la11 : . i - k l ~  Icr:; tcilvrator,  nnd 6utlsaquonLly 310 b a s i n  r1r.r; t o s t e d  

I p;.izsA.ly Lor low- tc~ i l~ ra to r  conilit ionsr 

I .  
-'L 2-5our codc l  seoxr t c s t  va:: run ~ r i t S 1  lot7 t n i l r m t o r  and tho s p i l l -  

-::ay passim& SS,::CO seco~td-feeto h cor.sidcroSlo qL??ant5t:: oC s a d  nus 
c a r r i e d  nr:c.-,i fror.z elozq; t!~c c n t i r ?  lon.t;'kh ool' the and c i -  - 

P P i ~ u r o  22(a),  ILL 'ii:c prctotypc .this :xigfiJc eventually r e s u l t  i n  undcx:Lning 

I 
of the s " c u c + ~ : ~ o  and '$10 need foi. GOS-!A-J r o p a i r s o  ITo furC:ol- t e s t s  wore 
~znc'o ol; t h i s  design, s ince  it; ;;.as fob t  t ha t  tila st5ll ing-basin could be 
1;lodiL'iod t o  prodvce 2). llorc accept::'uiu 3 r o s i o n  pni;+cfno 

- - 
upon =sly  ;j.li& i2:1? c lop ins  apron d c s i ~ n  t o  dotornine  t h e  cause of 

tho u:dcsiynb'ulc scoidr p a t t o r n ,  it ~ r a s  bclioved -that tho  s lopa  of ulc up- 
s';rc~n fncc of  a.e erid c i l l  rms too  f l a t  and tillat 'cha dontiPs on tlLe sill 
;ic:.e tao. l o v r  t a  cor~plc  tol;. trim t h o  ozcoxing G a t c r  tovrzrd tho surfacoo 
Iiviriently, t21e  in f l m  c o ~ ~ t i ~ ~ ~ c c i  i n  n d m m ~ a r d  c l i  r w t i o n  z f t c r  l o m i n g  
-% ,.e n p o x ,  causil:._f; crosio:: c l o s e  t o  Kle and s i l l  and f o r  qui te   SOT;‘.^ &is- 

t a c o  da-:mr,trc-a, ns i l l u s t m t u d  i n  Fi;:urc! 2 ~ ( b ) ~  It Y J Z ~  bolicvcd t h a t  
z :.:odifi.cation 0," t:lc dontzJied end s i l l  rvould c o r r e c t  elis c c ~ d i t i a n .  

I 
., 

::a.-i ., .,,, -- :; t2:c till idc: l t ical  j.2 size c".,nrl dotxi1  to t;iz:;-i; of t!ic o r i ; ; i cn l  dosir ,n,  
..z S;IOV,T;~~ i:? ~ ! I C  dr?.yLn~ of F i s u r ~  4(c)  nnd .the _u!lotogaph o f  Fig~:?c 239 

I 
.:';!1 :r fec ,hres  of previous ly  dFccusse#l s e c ~ n d  der.il;u reaxxined unchallgede 

1 

I Flo;*rs through fhe s t i l l i n g - b a s i n  of 10, 20, a d  SSo2  -thousand second- 
f e o t ,  each s&-tSt :34gh and 1v:r keiI;r:~.'cor, wore o'osert-ed* The hydraul ic  jmp  
_"otr:.ei :?.I=t: nppcared vcly rnrch t h o  sme  as %hat of t h e  second d o s i ~ r l ,  as 
1?ay b e  s ie l l  by crn.paring Figurn 21 with Figures 21, 25, a:(! 26, Tltb chara- 

'itvo-hour :.0691 scour t e s t s  vrere run ~ci';h discharges of  10, - . 2 0  and 
55,2 fi~ous:\nd seco:?d-fee t, each 'r'i5 tli hi$  m d  lmr  t a i l ~ v a t o r ,  l reg l ig ib le  
S C O U T ~ ~ I G  o c c c ~ ~ i l  :;.it;!? d i s ~ h ~ ? r r i : ~  u of 20,000 soco;ld-f o a t  o r  l o s s  For 
,.*. , !  . ,,,,., O scco-:<-fact -5lc sco::r pc:tAicm silnved -blia-1; sand llad r~oved upstrt:m.l 
il:. t h e  riQ.i;-;lmd -hvo-%lirds of i;'rlc d~n.mstre3~1 channel and ;.ins doposited 

r) c losc  t o  t h e  2x2 s i l la  lrlc decpazJc scour occurred on the l o f t  niclc vrell 
donnstz-227. fro:; :LC end s i l l  and ana.7 fro:.; tllc -*.rinl;-~vallo E:is c ros ion  
... .,,,, e, ,. :lot nr; deep as -I;';za'i, found f ~ r  M:c ori~;i:.-nl d s s i p  ar,d rril-l n o t  enr- I 
L;3n,,er ;;!lc pro-k~t-ypc, s t r ~ c ~ ; u r c ~  '~'ho scour  patt?:rns fcrr- discharges of  
f,L,200 secorld f a c t  f o r  both 31i3i  tad lorar t a i l v m t e r  ?.re bhmqn? i n  Figure 
.-. , . 
' . V O  

'i:ll: s ta5flLt:; 0:' I21a il:rdraulic jui2p on Wlc  slo~i:;l; a?ron *;;as t o s t e d  
11;. ,-e-f;tic!_; 1;;-lc disc:i:.1-;;~ :?i; Z;, 200 sccu::d-fact snd clmdly lo:'rarin& tho  



- - .- --  
6 - ---" - -  ---- 

.:.t. 7 ~ l o \ - , ? t i o n  2C1C.7 t11c jtuip ! ~ c d  : : O W ~ !  da.xr~si;roon sufi 'icicnt-17 t o  ::.ash 
out over t h c  0:d s i l l  ir? s c v c ~ c l  pl:ci:s uc:.osa; t h o  apron  -;.tci';!i. !he t a i l -  
:.7L:.';sr Q~~V:: ticl1 :.-,- .,...- .- t h c a  n i c c c !  GI?< :t4c c1ev::tion 2;jC:O,O tho jump a g a i n  
full '3ac:: i n t o  'die . s t ; i l l in~-b : t s in  Zvcr -;;he oz~tzirc -crid'l;h, 'h i s  lr*t.t;cr o le -  
;- tion on i s  6.2 f c o t  bclori t ? ~  c.::pccDod i m  taili:n'icr olovnt iosl  f o r  a s i~ i l l -  
-::a:- 6.ischar::a o f  ;;:;,200 soco:;cl-foet. 

h oo:.1pz1Sson o f  Ti-ures 2C nlld I Ll and r.11 mal.ys;s of  Ym too'is per- 
I'o;:.:od iadic::-keo i;:~-"il~c ir:.~:~~ovcr:or.t o f  %he s o o c r  ptAern i s due t o  
i ' c l lnc  i::~ ! 900 :;ins--::c,lis -.-454:h 490 ~~rrrll.s, s i:~co s l o p i n g  t>:r opron 

* 
sl1c::ld n o t  i n  i.J;sclC ixp:-ovo the s c o u r  paJ;tcrne 20 dr,";cl~:?c %:c c::nct 
e f f e c t  92' t l ~ e  45O t.rolls, a s c o v . ~  .L.est, Pi[:c:-e 25, ~5th lol:r tai11~mtr;r  znd .. ,. ~a spilPir::y pncsinc .2;,?00 second-Toot Irma l.mde on the  ~oco.r!ended dos ign  
iL, F" ., ,.,u dcscri; jsd,  x s 4 n ~  900 ~nn&-;:.alls .izlsi;cacl of t ? c  450 yrcl ls .  Thc s c o u r  
pr i t tarr .  -:.s ak.:est i d . ~ n - k i c a l  ao 'ih-t of  t i le  o r i g i n 2 1  dosi : ;~ ,  ?ig~:-e 18, 
i.liii.~?.lii:f6 t:ln-c '81s i x y r o r c d  s c o u r  l ~ z t t c  rn of t h e  rocomcndod dos i cn  xas 
?ue on'i;:.rsfy 'GO Yle 450 ~i in&-~, .a l l c .  I l l c  i szser  a .ocn t  o f  scornr below the 
l? f . t -h~ i l i  c i d s  o r  t h e  pool  i s  'L1e result c.* rcp lao iz r ;  t ho  900 -;dng-nnli 
-::ith a 45O r;iny;--::all. Ille i:;i?rovc:r);l"! r c s t ~ l t o d  bccnuso t h e  450 n n l l  ex- 
i:cndccl O L ? ~  i ir .0 t::u ?0019 preva::tin~; ;o:ic c f  -the unc1en:ntsr edtiy c u r r e n t  
f:-ox s:respini; La frozt t h e  s i d e  ?.nd s c o u r i r : ~  4che pool  bo t t oc ,  





. , * y ' . ,  . . . . . . .  

CREST' DETAILS 

. . 

IS' f i oc r  $l:k 
SECTION 8-0 

$0 0 60 
L 

30 

S C l L L  OF F E C T  

P L A N  

EMBANKMENT TOE DRAIN 

PROFILE ON E OF CUTOFF TRESH 

O L C ~ ~ V U E Y ~  oc r*s LWICI,OI 

EUICIU OF ICCLI  MI riow 
MISSOURI BASIN PROJCrT 

HEART RIVCW UNIT-NDIITW DAKOTA 

3 Seiected ~mperv~ous morcrlolz of cloy, s t i t  
and sond,cm+wtej~n b-tnch loyers 

@,\ Srtrrted semrpcrvtous m c l e r ~ o : ~  f rom 
r r c o v o t ~ o n  lor dam /oundc!;on. ~ D I / ~ U U J  
and o b l l e l  works 











B. Looking dovnetream - Showing spillway approach 

C .  Lookiag upstream - Showing water-surface profile 
gage InstLLled 

DICKIKSON DAM SPILLWAY 
MODEL VIFXJS - ORIGIKAL DESIGN 

1: 36 MODEL 

FIGURE 7 

A. Looking upstream - Showing tallwater control 
gate, tallwater point gage, etc. 



A. 33,200 second-feet - Low tailwater 

B. 10,000 second-feet - Low tailwater 

DICKINSON DAbl SPILLWAY 
MODEL IN OPERALmIOPI' - RECO-D D B I G N  

1:36 MODEL 







FIGURE 11 

Manometor Board 
Pressure scale ia in feet of water, prototype 

DICKIWSOIV DAM SPILLWAY 
SPILLWAY AM) CREST YRBSmB FOR THE ORIGINAL AND RECOIvlWXMD DESIGN 

DISCHARGE J 3,200 SECOND-FEkT 





FIGURE 3 

Stilling-basin with 90 degree w l o g - w a l l s  and dentlls 
on end sill 4 feet high 

DICKINSON DAM SPUWiiY 
ORIGINAL STlLLINCBASIlV DESIGN - HURIZONTAL APRON 

1:36 ~ D E L  



FIGURE 14 



A. Low tailwater B. High tailwater 

D I C K ~ S O N  DAM SPILLWAY 
OEIGINAL! STILLTmG-BASIN DESIGN - HORIZONTAI, APRON 

DISCHARGE 20,000 SECOND-FEGT 
1:36 MIDEL 
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B. Flow currents 



FIGURE 23 

St i l l ing-bas in  with 45 degree w i n g - w d s  and d e n t i l s  
on end s L l l  4 f e e t  high 

DICKINSOlU' DAM SPILLWAY 
R E W ~ E D  STILLING-BASIN DESIGN - SMPING APRON 

1: 36 MODEL 



FIGURE 24 



A. High tailwater B. Low tailwater 

DICKINSON DAM SPILLWAY 
RECOMUNDED STILLING-BASIN DESIGN - SIX)PINC APRON 

DISCHARGE 20,000 SECOND-FEET 
1:36 MODEL 



FIGURE 26 
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STAT1 O N  S 0 
HIGH TAILWATER 
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LOW TAILWATER 

SYMBOL- DISCHARGE - I0,OOO 5EC.-FT. 
DICKINSON DAM SPILLWAY 

--* 20,000 SEL-FT 
13- ---+I 33,200 SEG. - FT. WATER SURFACE PROFILES IN THE RECOMMENDED 

STILLING BASIN DESIGN- SLOPING APRON 
1:36 M O D E L  



A. Ekosion pat torn a f t e r  2 hours operation of the model 
w i t h  low tai lwater  

B. Erosion pa t te rn  a f t e r  2 hours operation of the nodel 
with high ta i lwater  

RICKINSON DAM SPILLWAY 
REC0MM;END STILLING-BASIN DESIGN - SUIPING APRON 

SCOm FOR 33,200 SECOND-FEET DISCHARGE 
1:36 ~ D E L  



FIGURE 29 

Ekosion pa t t e rn  a f t e r  2 hours operation of t he  model with l o w  
t a i lwa te r  

DICKINSON DAM SPILLWAY 
EFFECT OF 90' W " K - W A I L S  ON SCOUR PATTERN 

DXSCKARGE 33,200 SECOM)-FUY 
1: 36 man, 


